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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR LITHIUM SECONDARY BATTERY, 
AND LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material for a lithium secondary battery 
with one discharge potential range, which at that, is 4.5 
V or higher in metal lithium standards. 
SOLUTION: The positive electrode active material 
includes Li, Mn, oxygen, and at least a kind of transition 
metal elements except Mn, Mn having a form valence of |T 
4 or higher. With this active material, the valence of Mn =a' 
is kept quadrivalent irrespective of charging or g 
discharging. Since the valence of Mn does not change at 
the time of charging and discharging, discharge potential 
range around 4 V which would appear by the change of 
the Mn valence from trivalent to quadrivalent does not 
appear. Therefore, a discharge potential range can be 
set at 4.5 V or highs. 
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(54) [ftHQgfH U^*A=*t^IE«iHW:iS*tfy?tfA=^Mttk 



(57) 

[tat] jwttt»6 t — l*>*>. -e<7)Sc««{iA j 



&JRL i**?4 - 5 V£Ui-CA4 'Jf-^AZ&mfftffl 
Lit, M n fc , tmt , M n fcRVifc^ 




50 100 
iStt^S(mAh/g) 



flS*3Sl] Lit, Mnt, gmt. Mn»^ 

%<t h-mcom&kWimt mm noma 

[fS*3B2] Lit. Mnt, i$tfc x MnJ^i^ 

ttftfe®;:|S;b^if 4ttT'£.g>,r t £#$£1" £ y -?-r> 

CM*3S3] Lit, Mnt, Mn£B&l,->jt^ 

-5 L i » JST 3 . 5 V 4 TOifcmgM 

(A) t[B|4. 2V^T-OK«^fi (B) £<7)JtB/A 

[11^114] Lit, Mnt, mmt, MnJil^" 
&<i:i-a?»£«7c*fc£#;^ £t8K8»£?T 
-> £iS-£<9£« L i aJHT'4 . 2 V 4 ?<0fl*g«# 1 

imms ] mtxoivmsMtfL i Mn 2 _ y M y o 4 

jfcfc'U Mtt, MnSr»<>J«3r<tt > -|i < 7)a^jB 
7C*. y > 0 ) T't) 0 . fTlBM n ^^«^4 felt? 

* 4 - mmt -th v ^ ^-ixmrniEmmm. 
im$m6 ] iffimtRwtifflimtfL i Mn H M,o, 

V&SU Mtt. Mn^<^<i;t>-aco^^jg 
tc#, y>0) T'fcO. *>o, M H B B «3tAUh^«]t 
T-$> 0 s buEM n 0^ffi»*<4 JiLtT'* & £ b 

m^m7 ] mmtiinwam&tfL i Mn 2 . y M y o 4 

_0fc**U Mtt, M n £i&< 'J>-*c<bh -mcr)W®&& 
7cm. y > 0 ) X'h 0 „ mieM n«flU^ 
(7-p • y) / (2-y) (fcfc'U Ptt. BuffiTCJg 

wmm-h h ) mm a±x-h set s-^t 

[fit#«8] fij£#Li a Mn 2 . y M y 0 4 (tztzL. a 
UL ftftmfcJ: 0 L i 7c3l##iftif A"f 6 C: b lz£ ^ 

IfcU 0<agl, MfcL Mn^<^<i;t-l03 
a^M7C*s y > 0 ) X'h *) , MIBM n ^JB^fffilS: 
tt, 4 JELtCfcft £ fc £#iit^*> Uf->AZ««flW 

[Sftfc«9] «Ri a Mn 2 . y M,0 4 (tot'L.. a 

a* fttmizj: o l i Tmtfwmx-th^b t<t 

ftU 0<agl. Mli. Mn£|fc<iJ«a:<fcfc-8tfD 
SMRrciS. y > 0 ) T"$> *) „ MgMncoflSifot |? 

fe^mens^-f 4 mx'h hzb^mbtiv^ 

IBMlOJMRi.Mn^M^, (fcfc'U a 
tt. 3tJ«(w J: 0 L i 7n^*«^A-r I. £ t fcj: 056 
fcU 0<aSU MHU Mnm<'J?%<ki>-m<D 



(2) $52 002-63900 (P2002- 6H1 

y>0) MieMnCO^fflfr|. 
**** (7-p • y) / (2-y) (fcfc'U Ptt, fT 
ie7cSMc7)fiSrT'$,4 ) atta<4 JSJtC&& £ £ 

[19^1 1 ] ?E35c«m^MBffl^L iMn 2 . H M, 
O, (fctfU Mli, Mn£&<iJ*5r< 
£«7E9g, y>0, d>0) MeMnCOfMffi 

a* t 4 &±x'h hzt *mt tt'j f>Ai»:fffl 

IBfigSMt. 

[fflf^l 2 ] 3HWtt<OtJ«iajfc6JL i M n 2 . y . d M y 

o 4 uztdi. tint, Mnm<'j>%< bi>-m<r)m& 

^«7U*, y>0, d>0)X'f>*). *>o. fe B B H ffljt^ 
^ e*;HBJ6T* 0 , frlSM n cOJ&rfti&m* 4 &±X'$> 
IZb Z®W.b-rh 'J f">AZ»«fftffl]ESiS!fiWt. 

imm 1 3 ] ^aww»o*j«iaifc6tL i m n 2 . y . d m, 

O, (fc«L, Mil. MnSr|^<^<tt ) -a«0S» 
^7t*, y>0. d>0) f*0. mrieMn<7)^tt 
^^tsC H-p • y) / (2-y-d) (tctzl, 

pfct Boie7c*M<?)ttSrri>s) ^<i* 4 '4iit±T'$)i,£ 

litiffll 4] W^'Li a Mn 2 . y . d M y 0 4 (?t/iL» 
att, 0 L i TcsMiSJf w& Zbiz£>) 

9tf£U 0<aSL Mii. MnJi<^<H-I 
<7)S^M7n«. y>0. d>0) TfcO, frffiMnO 
tt&Ji. B'jlS3ERm(cMi?^>-f4fi-Cft|)£t$r^t 

5] «Wc^'Li atI Mn 2 . y . d . lMy 0 4 , «A 
MiUt^Hii (fctzt. a«± s ^Stcj; K) L i 
TrilWBatifA-fSifcfciOS-ftL. 0<aSl, x 
<i, ^tr^./^jiOLiMn 2 0 4 <7)Mn<Ofi[a(cfi[M^- 
^buIEL i?c*c7)ffi)S, MJi x MnJi<^<tt,- 
aoj^^STC*, y>0, dSO) X'$>*). MBMn 
OflBBi. mfie3EftSCMt>^t : 4fiT'J>S>Ii:$:#®f 

immi 6] USLi a Mn 2 .,. H . k M y Ml i M2 d 
M3 h 0 4 (fc#U a{S, jtJWt J: 0 L i tHIWKII 
ffA1-4£fctJt9J6fl:U 0<aSl, Mil, Mn§- 
l^<^< i: t-a^2»^g7cS, y> 0 . Ml{i2 
M2«i3ffi(7)^f-^->-, M3li4tt<0^ 
i feO. j^O. kSO, i+j>0) x-h 
*) . B'jSM n s «E3ER«t: jjb A, -f 4 fif$> 

S £ fc Sr^St -t^ !) ^^AZ^^JfiffliEffivgfee. 

1 7 ] ^JWiT<0*«iiajS3l«L i M n 
2-y-i-j-kM y Ml i M2 j M3 k 0 4 (tztzL. M«, Mn 
£fc<4^<fcfc-^>agteK}c*. y>0. M1U 
2fic07)f-^y s M2lj:3I(?)*fty. M3tt4fi<7) 
i^0, j^O, k^O. i+j>0)T* 

cif*Ji 1 s ] mmmcvmm&tfL i m n 



2 . y . i . J - k M y Ml i M2 j M3 k 0 4 (f:f:U Mfi, Mn 
2ffiO*^^ M2tt3f©*fty, M3tt4i© 

i^o, j^o, k^o, i + j>o) -efc 

«3tffiR# 4 glLh-efc a r t t-tZVf>J±~9: 

im&il 9] ftftttttOttnfllfttfL iMn 
2 . y . i . j . k - d M y Ml i M2 j M3 k 0 4 (fcfSU Mil, M 
nSr»<^4<fct>-a«l»*«3c*, y>0, d > 
0, Ml J22{ffi£>#f-;tf*>\ M2te3ffi(£>;*7^;t>\ M 
3fl4ffi<D^7^^-V x i^O, j^O. k^O, i + j 
>0) "CfctK «W^n 4 K±"T?fc*rt 

[»*«2 0] i .Mn^.j.^M.MliM 

2 J M3 k 0 4 (fc*TU ate, asft*fcJ:9 L i5HWS 
WBfA1-*-fc«-±0*ftU 0<a^l, Mtt, M 
nt»<*4< tfc-aoa»^«5c*, y>0, d> 

0, Ml te2ffitf)#^V, M2}^3ffi(0^^^>', M 
3tt4i^fty, i^O, j^O, k^O, i + j 
>0) "CfctK «3BMn 4 a±"C* Sr. fc 

[M*«2 1 ] firt^L i a+x Mn 2 _ y _ i _ J _ k _ d _ x M y M 
l i M2 j M3 k 0 4 (fcSU aft, 3E#«cJ; 9 L i 5c 
**K(t»A1-5rtlrj;9SE{bU 0<a£l* x 
» % ^hr*^»3i<0L i Mn 2 0 4 ©MnW&il:eit 
SflttlBL iTcfROft^ MI3, Mnt»<^4<tfc- 

m^mmtm^Ms y>o, d^o, Miii2«^f 

M2i^3ffiC0^7^^>, M3tt4ffi<£>;*7^:tV, 
i ^ 0 , j ^ 0 , k^O, i + j > 0 ) X'h *) , fufEM 
n O^XttRd* 4 BLt?&* r fc £1-5 9 f- * A 

[f»*S2 2] tt#fil 6, 17, 18, 19, 2 0*5 
it/ 2 1 <D\,^tiMcWM<n y AZLRSSfeffljESffi 
4Mtfc*5lvr\ fltrlBTciRMl, M2, M3I2, Mn»t 

[M*B2 3] M*«l. 2, 3*^tt4irE«©y^ 
«*>X»&J87n*tt, N i Sr^trr y? 1 

[fjt*S2 4] »*3S5^fe2 lov>-ftb^lriB«(Oi; 

N i Sr^tpr^«r#a^1-5y^^^r&l|?&ffijE«i» 

[ft#3f 2 5] 6**6 2 1 OV^ft^lrfBtttf) 

y Ar*Wftffl3E«JS*ltfcjSV^, WIBtc^M 1 
11, Ni, Cu, Zni3j;tJMg<0 5^<0— «EU:<07G 
»■(?*> 9, BtffB7C*M2f4, Co, Cr, Fe, B, A 

1, Ga, I n&£XfV<Doh<D-n&>±.<D7i%-?h 



9, BiIIStc^M 3 li, T i , Si, Ge*5£tfSntf>? 
[«**2 6l 2, 4~2 5 0Vvfjh,d>£e 

M (a) 2:R4. 2V*-eojBrt8«* (b) b<o\tB/ 

[»**2 7l »*fil, 2, 3, 5-2 5©V^W 

S^fi^l 1 5mAh/g«±-Cfc5r.fc£4*«i-r5 
[IS*3g2 8] »*H-2 7©^-r*L3i»K:B»oy* L 

ma 1-28 <D^i*tiMcmi<D]Emmyomx*hz> r 
t £ -r a y ^ * A-#;mmo 

ffiEjEffigfeKtt, L i Mni, g£m£, Mn» 

3. 5V*-CG>JjcB8* (A) tia4. 2V*r*(0&m 

(B) tOltB/A& % 0. 9^±tfc6r^« 

m^t-sy^^^n^mmo 

StIIBjESSftftWt, L i fc, Mnh Mn» 

4. 2V*W36f[tSt^, fl9!BjE«-&Sa^fi* 1 g h 
fcO 1 1 0mAha±-Cfc5rtSr»»myf?A 

[Hl«q(3 2] tt«q(2 9, 3 0*fctt3 ilria*<oy 

[w*3S3 3i v^^^mmt, ssisy^^Ar^ 

Weyf-frAUfcW&fi, jESSfeK^, LitMn 



-3- 



WEfflflPfiBfi, SfH2«EftffltoS|fttHLfc«JEE*S4. 3 

/Kc^o^r, *«y^*A-R«»r±, gnBjE«s*9t 

tf\ »**1^2 80U^-f , *tAMcB«©jE«g*J|-eab 
3 5 ] fft^Jg 3 4 |CE4t0 y f> A - ftBftH^ 

mria»«rt <D«»ofifrE y ^ * a - ^m^^ave 
W*«3 7] y^fr-fc-jMtftt, tuiey^^iN-^ 

IWEy^^A-R«*tt, »«3H3 0*fcf±3 IKE* 

y f?Ai»:t»t»fc5: ^ Sr#«ti-s y 
[MA93 8] y^^AnRWft^^-yw^v^^ 

H9Ey^l>A-»:«ft^^-/H^ ft#Jf3 3, 3 6 

ESft««:K»r«fc*©«*jHt 

RJfl^A-Wlft^^a^tt, «*«3 3, 3 6*5 
.fctf 3 7©^r*V36*EflOjES}S*|lT?J)5^fc*» 

[000 1] 
[0 0 0 2l 



v**. «*oyf-^A-8caft©]Eso»ftjrt ut, 
a^vuhity^^A (LiCoo 2 ) -^=^^i«y^ 

*A (L i N i O z ) «OJI:R8Mtft^ -r^ygy 
f^A (LiMn 2 0 4 ) -Cft»*Jx5^tr*yk3Ha^H 

ffiU-hO. 2C (5B#f?S^) fcfc^T&JRL 

3. 84^L4V8ft"Cfcofc 0 ^(Dtctib, 4V£X±<D 

So 

[0 0 0 3] ^VtfV^y^A (L iMn 

4. 5VH±©K«ffi(Dlk«« («*5Vftt«i:^ 

co J: 5 «S«ffijEfiiffi»K«rfflv>fc y a <b 
LT\ Mx.ff#H¥9- 1 4 7 8 6 7 -^f&iC&l^T 
ft, -^Li x+y Mn 2 _ y . 2 M z 0 4 (fflU MttNi, 

c r m<Dm®&m7m) "e^snsy^^^jfAf^* 

Srffl^fcy^i>^-»:Sf&^gg^$tiTV>5 0 

WH-7 3 9 6 2 ^«T?f±, -JBKL i X M n 
2 _ y _ z M y Cr 2 0 4+p (fll, MliNi, Co) X^Zfl 

5* tr*/u* y ^-^A^^>ia^awb4fcfc^v^fc y ^ 

"^^vKy^-^AicjoV^T^ fc£«H<D«m*tc::fc 
v^r, 4. 5V^±(o«cm^cD 

Ltc-?>tf>my<mj» (L i Mn 2 _ x N i x 0 4 ) i£*5 

:/ xl/^ ^ u /r ^-^y^-^^^ 1999^ 
1 4 9 0 8H) . 

[0 0 0 4] 

M¥9-l 4 7 8 6 7-g^«*5j:r«*iB5pl 1-7 39 
6 2^«(cE«*tlTV>5, ^#^JST*g^Lfc-^> 

# >m y ^ a * jBBsttK fc l y ^ r> A r ft 
60 z<D2 ^<oimmj£i&<Dm&m^ o. sveat 

[0 0 0 5] r 5 4 2 O(0«cttBE*S:f t5 y f 
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[0 0 0 6] **A'*-««©fflH*«Wi'*3fc 

jis*, aim, immMmt\^&%®R&T<om®z 

LTV >5„ r.©fc*, 5VfemmE«i:4 

[0007] St, 5vin*i£*fc4v*mE*# 
[0008] Mifii^-o-e, ua>t>, 

■So 

[0 0 0 9] 

fc, #36Wfc«fc*lfi* Lit, Mnh &Hit> Mn& 

n 4 £*±-e fe a - 1 £ -r 6 v r * * 

[0 0 1 OJ 

[ooii] (ii osatojgtt) #»w<&# i ©nifi 
-t-* 0 in i <Dmm<D&m<DjEmmvoWK. ^^mm 

W^tfl/WJ^tyJ* (LiMn 2 0 4 ) (DMn <D — pfl£r 

iS2p-c4Vf+jS<oi*B«:ffi« mr. 4v»««t^ 

e>M n 4 ^{b U nmmzM n 4 >bMn 3+ -«t;^ 



5) cfciciu^c-cv^-t^JtLfcto-c&s,, 
[0012] Mn<D«»Sr*Scm-e^fb$ J frTl-«ic4 

vy^89f?^ (LiMn 2 0 4 ) OMnO-ftiri 

MnO»S:ffift^4«±i4SJ:5lCLXV^S. 4*5, 
M n O^Affft t tt, jE«e*R-C*> <5tfi^lMk**0 
Mn TC^dS-t^fttScS^JR^X&S t * fc, 

5, ^v#>«y^A (LiMn 2 0 4 ) ©J:5ft>f* 

1 s k#*.6*t, l i i , wt^&m+n* 

-2X*hZ> 0 iot -e^tfVSyf-pA (LiMn 2 
0 4 ) lcj3V>rr±, L i c0JEHHiffi+ l , BfcSt^lSWHffi- 

2 2>><b, Mn©¥W»j:3. Sk^^bti^o 

Mg^Ai«oAa7c*Mt. -f^v^tta^b®^ 

t>G>Xfc!K Mn-Ctt3ffifcU<tt4flB"C&So 

«*4B±t4ajB*fcttlH"«rfcKJ:0, ESS 

[0 0 13] 

l^i] 

«i 







+2 


Mg 


+3 


B. Al. Ga, In 


+4 


Si, Ge, Sn 



[0 0 14] 
[*2] 
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£2 







+2 


Ni, Cu, Zn 


+3 


Fe. Co, Cr, V 


+4 


71 



[00 15] L*Lfc#&, »H#6©J»fcJ:*Ltt, 
Mn©»^«»S:4<llittfcjE«SftK-t?fcort, 4 

(LiMn 2 0 4 ) OMnS:Nitf«fti-S»fr, 
Nite2ffi (Ni 2+ ) T&S^fe, LiMn L5 Ni 05 
0 4 ©»8-CMn©»«««[«:4«fc4-5 0 Ld>L«as 
fe, L iMn lt5 N l 0 .60 4 ^lB*-eWt4V4k««i538 

^TOMnt44Sfc-f«tt1 B OjEO««©--WiSN i lC 
^9, 3BB©LlMn 1 . 8 Ni aB 0 4 ©4Mt*tett3« 

^tt^flBTtt, MnO»a«4:4*tLtt)4Vft 
MnO*ft*4ffifc:fRo 0 

10 0 16] «±RWl,-C*fcJ:5fc, mi<vmi&<DM 

^^*^«5S^V^HUf-5rA (LiMn 2 0 4 ) <£>M 

Mn 2 _ y M y 0 4 (fcfcL, Mte, Ni, Fe, Co, C 
u, Cr^a»^JR5c*-e*S) t^ot, Mn©« 

-(l+y-p-4-2)/(2-y) 

-ess. fc*u s*m©«»-c*>5. muffit 

i ±oT, *»©«»rt©iE 

S^feJfcOjjfiJ&f*, Li a Mn 2 _ y M y 0 4 (fcfcU 0< 
a^l, Mte, Ni, Fe, Co, Cu, C r *$<T>W$> 

[0 0 1 7] Mn<D«5S««S4 iO t**<i- 

££S7GiSf) ©Jt#, vyi/ylUf^ (LiMn 2 
0 4 ) 0*^^i:r=^->i:Oltt?*>5 3 : 4d»&-f 



fifcy Mn(D^«a^r4£Jl±lct-5r < t 

Sr4£t±ld1-5r^d5-et, jE«««K*«3gf 

*£Jfcfflj£ fcLfcjESiHWtt, ft 
SB&tf>M8*&j£"CL iMn 2 _ y _ d M y 0 4 (fcfcU d 

it, Ni, Fe, Co, Cu, C r ^<D«#&JR5c*T? 

S»«^Ro«»rt<Djfijgtfu L i>f^-^JBifK#A 
£%itLT, L i a Mn 2 _ y _ d M y 0 4 (fc*U 0<a^ 
1 > d > 0 , Mil, Ni, Fe, Co, Cu, Cr ^C9 

[0 0 18] M#^M5n^M^: LTte, N i 

* LV\ tc^M^tN i fc Lfc*g\ N i ft, ft««M£N 

i 2+ ^feN i 3+ £gTN i 4 ^{fcL, ScD^iCN i 4+ 
^f)Ni 3+ ?:gTNi 2 Vat5 o £©J:3lc, «ft 

hz>o s^, n i M^ 2 o^{b-r^/ca6, mztm 

[0 0 19] *fc, ^tf^yHSig^v^fvKy^^A 
(L iMn 2 0 4 ) -m, MnC7)-gJj;£L i £®&-f6;i 
fc* s T?*5. ::*l*fMU ±!B]Effij£««©L i a M 
n 2 _ y _ d M y 0 4 (d^0) (DMn(D— U&L i £g&-f 
5£fc#T?fL :of^ MiLi a+x Mn 2 . y . d _ x M 

y o 4 (d^o) fc*rrt*T**a. — t\ xfi, m 

n £«feLfcL i (0S^^1- o * tf*/M&3g-rV#y» 
y^^A (LiMn 2 0 4 ) te*5V^T, Mn£g&LfcL 

i ft, €^>l i tizxt^/ufa&mmfc&tbz&sAm 

S^-fSa ir^ScSfcS-^Lft^x <t£#ttT, a+x 

[0020] ±®Lxz±miomm<DBm<njEmm® 

^I^^M^ot, ffl^L i a+x Mn 2 . y . d . x M 
A (L iMn 2 0 4 ) COL i coftg^feB^^ L i m*<0 

^V^/>^y^r>A (LiMn 2 0 4 ) cOMnCO&tttCft 

L, 3S^l»©JKIKfAlc:*-¥L4i^L i (om^Tfk 
*t 9 x(i, 0^x<0. 3 3<Dffi\$X*h%Z b&£L$. L 
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\,\ x^O. 3 3&±\CteZ>h, -tftfrh 

£A (LiMn 2 0 4 ) OMn O&MlC^gt" £ N i , F 
e, Co, Cu, C T^<Dm&&mjtM-ZhZ>o 
Mte, N i "CfcSCi^^LV\ ytfMIte, TGiftMO 
Bf&Z^o ytt. M*5Ni©i^m 0<y<0. 
6 6 045H-e*5Cid5a4LV\ ytfO. 66£A±|C 

*L<jfe5. dtt, d>0Ojfr&lc:*^vJB J F-^j| 

*«L<48. MMit, x = 0©tfrfrfcH\ ytd 
(OUZO. 5^y + 2d«0AoJ:5M^5^ 

-So M^NitO<x<0. 3 3©i^l:tt, y 

t d coffin 3x + 2y + 4d^liS«?) icoj; 5 la** 

dS-C#So ft*5, ±E-S^Li a+x Mn 2 _ y _ d . x M y 0 4 
Kft»t6Mn«>»5Kllifttt, (7-x-p*y)/(2 
-y-d-x) \££9Hl*>ZZkifiT*$Zo 
[0 0 2 1] o^ld, £ 1 OH16oSJffi^jEa»ft««: 

a+x Mn 2 „ rd „ x M y 0 4 OL i fcMn i^iRM©fij£Jtl£ 

fcs«fc5W*u u auR&ai-^rfc^ 

^/V N {fc¥£jSX^frr>';tf>\ k-MnOOH, Kit 

r, Fe, Co, C u ^fc^^iCtt, -tftbtf), it 
[0 0 2 3] L i fcMni^*MG>5*>tf>2ELt 

[0024] *fc, jB»©a*&©xstaii»*Q ! a©xs 



auR^s^fttt, xs^t^as^ftta^-et 

£ e £fc®<&XS, »DlR*aaxSSr»93Si-*tatxmK: 
air-fart 

[0025] jnfR&axsi^^aiDlfciafttt, /B^a 
400—1 1 0 o^ojBH^iDfRy&asrtT? rtasas 

[0 0 2 6] ofl:> » 1 ©SIJ6ojg«roiE«S«fcK^ 

WMMMMtfcfcML iSflTTfttifrfS. K*«fttt, 
El 1 (c^-f «£ 5 9 , SB 1 0>£Jfc<0J£»<0IBB 

-?3t*m\t\ zftb*±'<i>—* 3, ^S2, ^/^ 

[0 0 2 7] ^R«?fiOiEffi 1 »co J; 5 K: LTf^K 
Lfc 0 *-f, »10«OJM©jE«fiHMt8 5*»% 

bTJ5^ 2 0/i mcOTyu^ AfS^rfflv^, JftfBjEffi^ 

[0 0 2 8] -fe^U-^3fi. ff^ 2 5Mm^tt 

3»#ft-f6B*, -fe^u-^3Sr^L"CA«2t*rrRj*r 

b fc 3 0:7 0 (OW^-Cjl 

*Lfc*Klc, L iPF e fc 1*^/5 yb/>4lSWW 

[0029] :©i5 4i*ott(WM, ^mmSc^ 

-h0. 2C (5ttlH*) T?5. lV*t?*tU 5. 
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2CttSOt«W9 3. 5V^tSl«M^55S 

[00 30] ■2^fcbd»6j:5u:, mi<D%m<D&m 

<ojEmmms\z s &m l i g^-e 4 . 5 va±ojk«m 
tes i-ftfet>5vartt«*»aLr^a. 4v# 

02Oi5l:ftt^±©3. 5ft^L4. 

ft A*ttfcttaa©ittt«20jE*g*JtSrjESl© 

H3d»6fci»5J:5lc, ttt*^i©3. 5 
ftv*L4. 4VOBK:**jflt*»ftu ttWitttttt, 

4. 5V#££3. 9V«3E0 2«Bffc«ilLT^8. 

ftMfttt£S4. 5 VfiLhtf) — 
flfflfc-fSS^tefi, ±&oJ:5fco. 2CffiSot«lc 

[oo3i] Wfliftastt^w-efca^s, 

9UkO»ttO±Baj«L i a+x Mn 2 . y . d _ x M y 0 4 T^o 

^ft*mft^o^tc:4 vMi«it«t)iit5ia 

/£*>&5 0 ^<a£5ftl&/&te N Mn<DBj£ffi$tfr4£k± 
XhoXh, lMI^T1j:Mn(7)lM4tfi:t5 

fc»-C*>8iaHI*ft6. iot, Mn 

twists c t u\ 

[00 3 2] ^Hlfe®n$tt^jEtt&«)t»^ (H 2 CD J: 5 

S«SE»m (^^Bc««lB*-C5i*m) &fifofci§3\ 

(B) £ % 3te«ftHBA»e>3. 5V^V(DtkWMM (A) 
h<DktB/ A<D$[k It, 0. 9&±£^5i«^«*# 



S«teiJ:SS«8ftac«-cSc«*^:fc»^4. 2V£-e 
jE«S4Mf*>*fifcfc9 1 1 5m Ah/ 

[0033] r - x*$km®&£fc#) 5 iz#>\ctscmmmz 

0. 2C«at«3eu-C^5©tt % 
#lcj:9*ftoT<Sfc»T?J,6 0 HttKl, ft«;ttfic£ 

xfomMm*tkmm&&±z<mik*fz>mm*. fomm 

ftH^O. 2C (3S£MttlR£?5l#n) E*TT-fS* 

«>fc* ft*«**o. 2cfta^asLr^5 0 ft*>\ 

***fMK45«fifcftS 0 :Ettg*jC0>RJ|i 
*"0««i**£ri«< Lfcg^i*, M#fi<ft*fl(ffltt: 
ft*, iot, 

[0 0 34] ft:fe\ *lllfi(DJgJB^jEffiffi*K©±|Bft 

WS*©tt:B/A* J: WESSfcJf ofi**,fc 9 oft« 
jEMW8 5lto/oi; N ag«*ij J: LT»ttH«BSr 1 0 

g/cm 2 ^±2 5mg/cm 2 ^T^toJ;5(Ct5 0 
**dS2. 3g/cm 3 £(±3. 0g/cmto^ 

^t-ft^^ 8 5 M*%Sr*i» ^ r fc (c A 9 JEffifittKo 
h ^ ^xf;^-.^^ |, t 3 0 . 

7 o <Dm&-?m&Lit®m\Zs lipf^i *^/» 

[0 0 3 5] r OMRmjftfrjESSM 1 g fcfc 9 2 5 
mA^®*-T?0f^O]Effimfi*T^®«^S^, gf^g 
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4. 8Vd*bO. ivju*-c5. 2vM«*-e*m«it 

Sri«»fc#«artTV\ «-«ttd*b&»L ig!TC3. 5 
V4"Cm^ffiO. 2C (^^»«««*U5«pW|-ett 

m) jk«**srJB«i-So itnmmz 

Ki gtfc9olw*i#, ^mm&4. 9v-ei2o 

mAh/g, 5. 0VT*12 2mAh/g-efo^il 
4. 9V#+»3&*«tttT?*Sfc J l ! IJKt?#, 4. 9 V 
Sr±BUfcBfSO]ES«ffii:*3ef S, £©£5fcLT 
^*fc3f^OiEfiHIIS:*-eKlfe«aS:^«L, 0. 2C 

[0 0 3 6] to\ MtSIll 0. 2C»ai?fciX 

<-e#5tf. ilrttlc»1-6«plB* $ 3 0»a-hjlWBLT^ 

[0037] (» 2 <Dnm<D7tm) on;, ^pj^m 
[oo38] ±34 tfcfg i <omi&mmx+\$, * tr*^ 

•Bft^^yHJ (LiMn 2 0 4 ) OMnO-S 

*4£JL±lcUfc]EffiftiftK«rffittLfcdS, »2<D|lft0> 
»«"Ctt, ^tr*^H»3t^^3WK9*-^A (LiMn 

2 o 4 ) <DMn<D-nzm&&m7zm\zw&i-z>kbh 

Xlftflftfr 4 «±fc LfcESfiHMt-e* So 
[0 0 3 9] -rftbfe, a2 0M0»&0jES»M 

M 1 t M 2 jM 3 k 0 4 t*tr i 5. fcSU M 
f*, JH-OS«SO»«tlWlfcNi, Fe.Co, C 

£#a*LV\ Mltt2f©*fty, M2tt3iO* 
^VCfeSe Ml fcM2f3E*ft< irfc— ^Sr^A/Cl^ 
ftftiltfftfe-f, Ml©lBJ«i iM2©jBj*J ttBttfc 
Otfcotftft&ft^, <fcoT, i+i>0-C*5. * 
fc. Ml, M2i^fim 2ffi|g£JL±07C*^&o"C 
tiV\ M3ti4f©*ftytfcSo M3fl, MnO 
»SCfli*«:4K±K-r6^i:tea«**Uftv^ M, 



Ml, M2<D&j£k<Dfrtehl<^, Mn^»$:4 
J^±lC-r«5-^^T^tb«-g'tPr^^-ct6c <fcoT, 
M3«r£S4^fflja (k = 0) Jet* ^ t>t>*>6A/*T 
iTCfcSo M3^tpr^{cJ:or, rOaEffifg- 

5 M3*^tf«^r<5^if5* a ttMn©<iB*i: 

^*o«astsr%*L-c*s^a. *fc, ±E-«W; 

fctt^LTl^V^ Mn^g^-fSTC^^ t"C, 5ffi 
»±(0*^vSr^tfrtt>*5riBt?&S. 5ffi«±0* 

Lt>a*L<ttfcV\&** M, Ml, M2t0^fcW 
Mn co«S:fli»Sr 4 £*±K1"3 n £ 3»~C*ixtf«SD+6 

[0040] Ml, M2, M3 0S*©aStt, 
/MS^-^tf^KPf-** (LiMn 2 0 4 ) <DMn<b@ 

*bfc»£i^ ^tr*^**, fet<tt*jifcjs^fluic 

ott>i^ I^KIiNi, Cu, Zn, Mg, C 
o, Cr, F e , B, A 1 , G a , In, V, T i , S 

ft, Ni s Cu, Zn, M g d>&aF2hfc 1 S£A±^7C 
*fC*>Sri:dSS!*U<, 3ffi^ftyt^6M2 
II, Co, Cr, Fe, B, Al, Ga, In, Vfrb 
atfttfciaK±^7C*"C&5rtd5g*u<, M3 
11, Ti, Si, Ge, Sn^e>StfHfcia»±^7C 

[0 0 4 1] all, £B<Z> 

«»rt-eo*tt«jc± 9 l i -f *y©WBf AKJ: OS 

xHt, aiojtaoftafcnwc, Mnti^udi 

[0 04 2]f2 <^JS*^CDIE^§^jt L i a+x M 
n 2 _ x _ y _ i _ J _ k M y Ml t M2 jM3 k 0 4 i^>-C, M^N 
i "e&5»&, 3x + 2y + 2i + j^l SrStfet" «fc 5 
l-x, y, i, j ©IBSrKW-TSr £U:£9, Mn* 
SCa**r4K±lJ:1"a-i:W-e#a. fc«U ±^<t 
5ic i + j >o-?&9, k^or*feSo 

[004 3] £fc, i , j , k <&a«U ±lB*#*«lfc 

K©»c««*ojfii-ea* L^«iB*5#^Ei-5 0 2ffio^ 

WytfeSMlWN i (COVvtfi, ^^)Mi«0. 
6 6£ilT"CfeSr t#a*u\ mC<Ml<DCu, z 
n, Mgi:ov>m -toli^itto. 5^Tr*fcSr 
t#a*U\ Mgl:ov^li0. 2OT-CfcS 

rt#a*LV\ 3i©*ft>"C*5M2©Co, C 

r, Fe^cov^r^i:, *<7)«.fiKjtti. o^ms^ 

t#a*UV^ 0 ^C<M2CDA1, Ga, In^COV^T 
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r£#3£L<, Jz9M£L<te0. 2^TT^5 0 m 
i:<M3(OSn|:oV>m ^£)&j£kteO. 66OT 

tWr^^K, <k9SI£L<«:o. 2£TF-Cfc 

[0044] £?c, m2(Dmm<D&n<DiEmfe%im<D? 

(x + y+i+j+k) tel&TX*hZ>-ttm'£L 

fc* 0^x<0. 3 3(0«H*T?*>5rt^a*U\ 
[0 0 4 5] *fc, jB2 0|Hko^jiojE«s*KL i 
a4 3t Mn 2 . x . jri . J . k M 7 Ml 1 M2 J M3 k 0 4 tt, II© 

L 1 a + xMn 2 . x _ y _ i _ j _ k . d M y M 1 ± M 2 jM 3 k O 

(y+i + j+k) <om*'h£< kh, Mn<OW$M9i 
&4«±M-S-£j^S££&!3, ^mi:j5:5 0 

^FSitiaj^(D^ % M^ N i (Dk$Kfc3 x + 2 y + 2 
i + j + 4 d ^ 1 as#D 4oj; 5 KIM- 5 ^i(a^ 

V^MBWU O^d^O. i-cfc5 Q dd*o. 1£9*>* 

L<ft*. ft*, HKLi^Mn^^M, 
M 1 jM 2 jM 3 k 0 4 <£>M n <0^«B»fi, ( 7 - x - p 
• y-2 • i - 3 • j-4-k) / (2-y-d-x- 
i-j-k) £<fc9#tf>5;i k&X$Z c 
I o o 4 6 ] % 2 <0Htt©jeiB©:Effigtt«tt\ Jg 1 (0 

Cu, Zn, Co, Cr, Fe, B, Al, Ga, 
In, V N Ti, Si, Ge, Sn^Ml, M2, M 

[oo4 7] m2<Dmm<Dj&m<DiEmm%ow<D]fr 

[00 4 8] Jg 2 OUSOJgJB-CllftS tiSIEffiffiftff 



fc-fc!K r^"COMn^S5:^4*i:ft5J:5^LTi> 
Sfcfc, M n 0 3 1 4 lOtf fkia 5 4 V^H 

[0 0 4 9] »2(03IJ6(0«lB©iEas*K{j:o 

wk) &i?<otcWr&, izn&mfrb&mL i&mx4. 

2V*X*(OtScm®& (B) k, 3. 5V£ 

T^ftS^JI (A) k<Di£B/A<DmkLX, 0. 9& 

ft«-ett«$*fc»^^4. 2v&x<Dtm&ma>\ IE 

ffif5^M<Z>fiS*>*: 9 1 1 5mAh/g£Ub£V^:*;£ 

ftffi£#6 r £ # *imxh £ 0 

[0 0 50] (jg 3 <Dmm<D&m) o^c, « 3 ohm 

[0 0 5 1 ] H4®y^frA-&«fttt, #*fcE«l £ 
^T*fe5 0 «ftftl3rtl£Ji % 9MWi&i£K&tiX^ 
[0 052] iSUim ftl:l3J:tJW20jtlfe0) 

SfcfflKHI, jE««S^i l^^sKy hjS»Srffv\ 
[0 0 5 3] A«2^A«e»K^LTtt, ^JSy^!> 
^ft*Stt5L iffAtU<ttL i {fc£4fe<0Jgjft*s «T|g 

*»»^»»*«»*^#*Jf J: 0 > ffiH 
Wi^<^jev^Sffiffl^*3^T^jaL i S?PT*0. 1 V 
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60 L i *PAfc L< \i L i {fr&ft©»rit#»j« 

[0054] z d-ewc, ft«n§ttS2: ur»^«*» 
y 7Wfctf^yTV8fii:%£^&N-j*^'fcrp y k 

[0 0 5 5] cft&OESl fc*«2*HTa-fc/<i'- 

jg^g-TSo rem -fe^u— #3tur, ^£25 
[0056] tM^uit y^*Aj6*:«*p 
-c#, ^i-iScr^aco^p^J^^PLrt «tv\ y 

L i C l 0 4> Li CF3SO3, L i PF 6 , L i B 
F 4 , L i A s F 6 fcif0>5 V-ofc L< tt2«3SK±4r 

0. l~2^/yyF/«^TlSi^t^o t 



[0 0 5 7] H4©y^»>^r9cS:ft©K5S¥IIIBHt, * 

1 3t^pfl«cji6»Ei szmmtZo zti\cht>frc$> 

]E«flHfcK©jttWtffi«^AJRL iS*TC4. 5 VJ^Ji 

«*©4Vlfc««©*©jE«fiHfcK*rfflv^*: 

Wfttt* »««ffi*4. 5 VBL±-ed>ott««E«36S 1 

rtitt, »lfeJ:^2W|gl£<Z)»J8(7)jEaffi«iKtc*3 
ivrtt, MnOift**fc4ttfc9, ftifeSPSlCMn 

«fcoT, tt*©4Vjk««fc5V*Wgci3&SW*#*E+ 

fcj«i-6rt#"C*, ioK^/^-^a^y^^ 
4ftffilBlK^%«M«P@IK^iaiS«IAtt. «*©L i Co 

0 2 ^L i N i 0 2 &£IM*L iMn 2 0 4 *oEffiffiftKi: 

LXffiv^fcfi«E(Z)y^!>A-»cWfetia«-eJ:<, »J 

[00 5 91 ^3 <r>%WMW> y ^ ^ A-ft«fclC*3 
[0 0 6 0] am^^IE® 1 ©IEaiSft«rt^M 



«SS##f <> L < ttft*»«rfa - ± J: 9 fca £ i 

iEffi 1 <DjEffiftft«|COV>"C, XH*«^Jfcjfefc J; Q 

4iWn^irMn0 2 , 3fcMn fc LritMn 2 0 
3 SrfflV^ 0 jEffil <Z>jEffiffitoS<BMn0)2 h 

£:JtiWa££te:J;9* jEttig»H©Mn<0<liiSfc*r*p6 

rtr 5 5te^m^toa^o«ft(?DiE 

J: WW 2 o«tt(D^tt(OjEttS«ff^%tt«icBBb bT 

I 0 0 6 1 ] jEjf 1 ^^^^5»«SJ^K^tC 

K^o*»t«v^T«r«B«BliL, ©ft 

»9 0tt*»U K»»«*»S 0 ^oiSSJcis 
V>T, jEffiffittKtt , <0 4flli*3 < tlJt3ffi(OMntt, igpjco 
L *J> 5 Kid X 9 -T^T 2 |(7)M n -f ^>(C«tc * *l5 0 

*>4#6>* o. o 6^^i§-^>-^v®?^y r)Aiig 
»KJ;9*»Mr3. -*ifctt»Jfc* ttCftfrftfrAl*: 

lEfli 1 OE«S*KOM n cDffi$:££a3 £ £ £ 0 

mxhz z t zmm-f z z * as-c^ s G 
[oo62] y^^i^z:^mm^c:^v^bnrv^6 

[0 0 6 3] fgl&ZXfifg 2 <D2m<Dj&m<DJEmt£toK 



*0S#£tt5»*5ttt % LiM 2 0 4 "Cmi 
L iM 2 O 4 C0L i tM{Cfi9^tfc3BfieS:t>tlc, jE« 

ft*4H±fcfto-CV^Jttf, 

&%v$:fT?ztx y jEmmfoKtpto-r^xtoXttisiD 

[0 0 6 4] iEffiJSftK* <o*^v<Dlttt, |^T^ J; 

[0065] mtfafo<ojEm<DiEmt£%iw\z<>\,^xi>. m 

^> W^ifKTcoj: 5^ffi«ci 9jE«fiftKfcL i 
**«v^t, jE*MS4***fc#r*>ife<. feU IE 
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jg-efcas^-n N-^f/vfny K^rthy* 
fflivt, 0 1 K^-rx o tes A«*J:iK#JiB*teA«L 

ffioaffiSrffl^U, ZE«©effi36S3. 7VW^5i 

0. 5mA/cm 2 ^itffi'C3. 5V|:/i5 
*-e*WtS*, 3. 5V(Ci§Lfcb3. 5V^&S«S 
d^O. 0 2mA/cm 2 lC^£*X£®JEE&«£S 

tL3. 7 V£JL±-e*>tttf, 3. 5VfcV^U3. 7V© 
tot, r^ftft^jESoEffiJ&fcKSrfflV^T, ±R<0 
[0 0 6 6] *fc, $30HI«I^yf^3t 

«l*fc^l»2<olas©?gffi<o^«ffi«l«S^fflv^ 
(B) £®RiBa*e>3. 5V£T*<Z)£fc®§* (A) 

Ar&smn igi*fcttjB2©*iiis©»»ojE«js* 

•MM*. iEHS^SOfiifofc «9 115mAh/gEl 

iEffi^#J<OlL*:&fc?) HOmAh/gBl 
JESfifttW^JWCeiiBt/hS^^tt^ IE 

[0 0 6 7] W(Lrt©jE«fcOV^, _h!5ttB/A*5J; 

J:tfffia[S:aiS-r5 0 iEffi«£e@l 5 mm© 

■fiEatftaWS. ^©WREffiSrfflv^ »l©»t 
©»«-eJtB/A«r«lfi Lfc©£ n C 3 fi^KRti 



«Mfc**A*fc#U MIBEa©^«rWf*U 

£<0jEa£*M*a>&* jEa&*Jlg*>fc0 
[0 0 6 8] (JB4©jt*©»» Off^ *4(0H1S 

5 0 l£iK^1-£^S5 0 5 *«5 0 5 

5 0 1 fcol>T«ft«ffi&tlffi+5WEtftttiffl5 0 2 

ssxiHtPtt5 o 3 arafeffisss o 2 tmu%mn 

5 0 3 fcfc«^«r-£;tS»fr»5 0 4kfctt5. 

5 0 51-11, lR*Lfc«ft5 0 1 frjEMfcS8R1"<5fc«> 

(oma^it^iaiift^Easitrv^o JW«5 0 4fi, 

«JE^diSj5 5 0 2*3<tt/*«*J«I«S5 0 3 kttSSfbttlt 

[0 0 6 9] *tt«rfc*5V^-Ctt, JB*» 5 0411 
g&5 0 2WUfc#ift5 0 1 ©mffi** ^«>R^S 

JttSrSE"t*«t 5 fc«SS»J#Plfl$ 5 0 3 icjf^ L, 5fcm£fT 
5o Sfc* f*85 0 4fi, ^®lCj;oTli?&5 0 1© 

ffi^^&ttfeiufci&^lcitt, WteM5 0 3i:ffl/7l 

xzvmttLs o i id#rs*««*<otti&s:aBfs*, 
&ffi^i-ii^ 5 0 4ii 501 ©ma srm 

ffi^ffigi55 0 2lCt9a*DU «»5 0 l^Jf)S«)?> 

5 503 " 
[0 0 7 0] *jafco»«oy^i>A-R«» ; e^a.- 
A^tt, «fll*Aa*Wli-8rtfcj:9 4. 5V^±o 
Sc«ttEds#b JxS* 3 ©3HSo«ffi<o 9 ^ A-^m 

^wv^mE^RS^ixs. ma&aisrrsTR 

tLTRS^ixSSWtmEElcov^tt, *^*-^*r« 
ffl-f-5«Sott«lcJ:D**SdS, JKi3*v^L4V^R 

4va*©jEas«wt*fflv^fc4v«fttei8v^'Ctt, a 

#mmff^4Vj;r>'>Li^4. 2VSS^R£S 
tt, *fctt«oR3e«HEH:3VlKI«lJ:R3eS*bS Q J:o 
ft*<oB*-e^«(ORS«E«r4. 3VJ^±^-T8 

tU a»4tfflS»t6A»K»tt8*WtBEJ:0*4< 

ito. 5vis<R**ixso#a«-e*>a^6, 
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t"^ri:^x:#5o ti5 0l(D$W/>/^^ c 
#\ *EE&WSfS5 0 2. WJW5 0 3, Jg«-«5 0 

[0 0 7 1] *3llfio?gjBoy^i>A-»c«?fc^ 

m^n 504 o»j»tt»a"c& ^ , ftmn&^tkmniE 

[0 0 7 2] ftfc, «BEtftffi9$ 5 0 2 £>tfcttl«f£tt, 

0. 1 v«T^sjE5^?|g^-rsr^^^u<, $ 
#as u\, 

[0073] rc-c»4(o^i6(ojgjBoy^^^-ftfl: 

H6 *rffl^TRW-r5 0 ^6 0 5fc ftMRfittftSff 
*-C*f9, 4 0^^y^r>A-^m^5 0 1^rl 0*1* 

*Pffloiift;p 6 0 4*sK*tbtLXv>s 0 y^£A~#:e 
?&5 0 lH±Srey!l(cgjR't-5fci?)0«ffit trii, i? 

^2mmoftfi»t Q mm*, m&*t zmms 0 1 

tf>lEffi«^ t ASM? 4 «rfl§»0fc«&R1-s «t 5 fc»8 6 

5 0 1 zmiz&mu 502 j:oMt»«mns 503c 

I±&fcb2fl 5 0 2, S«J$!g|$ 5 0 3, Jf^ffl55 0 4 12, 

[0074] ms <Dmm<DMm<D y ^ Ar^twi 
^-fyfyu—Y, mmmis. »itE t a^h^ 

-'^ ftffftttft #*A*«», **y-#-h\ « 

©«-a«««si$*)»f bjxSo %<d^ %tmm, ^r* 



[oo75] (sk 5 omtenrnm) ^ 5 <Dm&<o%mt 
lt\ *4©ll*^iioy^^Az:»:«?6*^ a .--^ 

StSftSWEfcJSDT, — ScSft^ ^ — /u^rBC^U 

(Cfi, 1 0 0*V^L3 o o vSft{cmjE^±if5r tic 

[0 0 7 6] iriii*^^ 

m*. ffi%mc#^x%±&&m&xzzmm\z&m3' 
[0077] m%&®^*mwrtz>n&m&s ummm 

^-EKtfflv^T«Et*ft* *5 ^ tic: J: 9 3iffifrJ$j 
SrffSW^I-srtiSsa^U^ ^fc, XiS^ii 
«»«^l^»iS»«l^fflv^S^ll, >f^-^ia*Sr 

*5 J; tM V/^- ^ (UK Sr/fl v ^r 3^»J lc«* 
»3as*5fc*, 7k?&tL<ttHl«|S»i-5rt^a*L 
lc«to-cs^i»*:^«|ji-r5o 

[0 0 7 8] »4OHlK<D^llS(0-»:«jft-=e^a 
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-£#&icfij;arsfc«>ic, M5^«LfcHe«c»* 

sr<bt>~e#So 

[0 0 7 9] W/^y Kffl©«ftS»*©JMM&4* 

m<Dj&m\ci^xm7 zm^xm.wi-z. *»7 1 3, 

7 1 4 0<iH7 1 licit, X£8Mft7 0 3^Ut 
»j«7 0 2^xy^y7 0 l^i!KSttfc*tt7 1 Ofr 
««5*t/0^ 0 *fc % Hl»7 15,71 6®*4ftft7 

1 2tr*a* j e^# 7 0 6£S&!9tttte>;h/t^5 fl Sib 
17 0 2lCf^4OSIJfe(D^(0-^m?&^v ? ^-^7 

0 7iMi"<-f7 ostrfthx&mzti. nM*w& 
i-zm&xhZo *tz, z<Dnmm7 0 2^ mmmt 

LT<b«)f£U Iftli^^^^7 0 7|:l*$:[Eli 
-fSr^-C^So 31^^^7 0 71:1^ ^ 
^-/wM»lHlK7 0 5dsSSjRSix, ftff«r««ISix 
So *^a-/HM«iiaB7 0 5*5J:r^^^7 o 1 
IS, B*««liaB7 0 4OiBWKJ:9iMM"a. »*« 
ffiaiS 7 o 4 icte, ii*^~^~7 0 6:fcJ;U ^ T^i?^' 
709CD^itfJaSA;>J£;i^So 

[0 0 8 0] (MDRlBd^&Jiai-tSfc* l-f*. 

0&§7 0 4^7^t;V7 0 9<D&fth&& : £~*-7 0 

*-/i/«0»lsIK7 0 5IC«»«7 0 2<0te»«:JB3Fl- 
S e ^V^rL-^J»lH]gS7 0 5B\ l^lfc^a-zu 

7 0 7*»e>ii:iKc!>«**w*s*. -fy/W7os# 

^tlSrSS«ifcb"t«««8 7 0 2^tt»i*5o m»«7 0 

2o!b*^ *a««7 0 3*r^bra:<*7 i o-.fi* 
StiSo r*Uc.fc"K *$ttti7 1 l^EHEEHi^tL. * 
17 13, 7 1 4 #S(E-r5. *fc, »**3WS*7 0 



4tt. ««* = *-7O6<0ffl;to»&*a#3Okm/ 
h £8x.fc r. t Lfc*&lC tt* xy-^7 0 1IC 
f!#*ri£*K xy^y7 0 1^1H5o ^^7 
0 1 7 0 3 fc J: 9 m» 7 0 2H 

<DW}J]b&&£tiX&fb7 1 0— £fi*£*bSo $j;ftftJ 
»@K7 0 4ri, T^-fe/^7 0 9©B*-a**^i:*5S 
*^^-7 0 6©mAI-S^T, IIS? 0 2©ffl* 
£W«fr*«*&fftfcU *^*-/HB#IaIB7 0 51c 
t±i^1-So ^^-/MM?[h]&7 0 5f4rOfl*HlLfc 
^ot, 2^1^^a-;U7 0 7 0ffi*«AS:W«'t- 

So 

[0 0 8 1] «i»*fc:H:, BI&$7 0 2t±%WM 

t LxKif^LXs 7 1 ocdishek: it) mtizmm 

[0 0 8 2] B4^S1^1^3ti : ev f ^ 

mm\z&<>xm®£ftz>%n^&<o^irtifr-%b, - 

ftBftfe ^ » ■ — /u<o 2 o Srft)*aS <h ■* S *ft § 
JftttN lc J; o Ti£S> £ tt Sf&m#J£ J: 9 L/cl 

$£*tit£i*-So rt««W^fc^m?to, 

3^ So 

[0 0 8 3] BftttttJMUMfc L-Ctt, tHHfcS*H 

-CKSI SiS S -t-T S t> <o % m v ^ S r ^ X* £ 

So r^Wm?fe(C7K^^«^i-Sfc^icm^Si!i*:(c 

^^v^StK^«^^> *^0*E^v^> 

»»^£-rs*^«*&jn^fflv>s r t So 

[0 0 8 4] r©J:5 4flfta»*^*W4lllK^ 
So H8 0*is;S»*^ H7«>««&»*i:*4S» 

^mm^v^^w o 7 ^^^jica^s^wm 
ms o i fc&fcu m»87 o 2{cr^mm^^^--^ 
70 7 t @*s»mm8 o i <DW>iifrbmJizm&-f 
s^cxfcs 0 @^^^mm8 o i \a$, &mvw&& 
*m^tc&m?>? 8 0 2&mm£ftx%>*), 

dry^ 8 0 2d»bl»«O**^{ftJ&SixS 0 tt. ®W 

WIi8 0lM, ^»d»6>a«t*9atr^/K/ 
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8 0 3fcKtte>*lXV*o 

[0085] mnmm o i mm®. i oftm\mm 

<£<^iret#^?c£\ coral a^J»{ii^8 0 4^ 

^•^^-/^jfflniigS7 o 5 i,x-$:mm^is~- 
*sr»ii**5 0 **:, ■»aum«Mi8oia« 

7 0 8 $:^ltt»l7 0 2ic«$tit, * 
«J7 l 0<oisIte»Btcffl^e>ix$i:*lc, 

[0086] ±®isT$tz£?^ m4<Dmm<D&n<D 

frits «*©rft*»J:!Jt>ft««ffi#jK(r^», #J: 

*««aB*Sr«^i-5rfcfcJ:?), 
[0 0 8 7] 

raw-*-*. 

[0 0 8 8] GHKfli) *1\ JHttUfcLTH:, « 
MB®, LiMn L47 Ni 0 . 5 0 4 ^)^ ^ *^*iS<Z>E«ffi 

[0 0 8 9] T»L i a CO,t«RZBftv^yfcN 
i (OH) 2 ^#J:5^t5LiMn L47 Ni 0 . 5 O 4 
<DL i tMn^Ni J: 5Sitfc 0 Ojffc* 

- ft fe A* S /He J: 5 l BSTO^ * y 

\zj:z>m#M&i,ti 0 t\fih<om&m*m^~?G o o 
°cx-i 2mmmimL* mnxmmwm^xs o o 

X:xi 2mmm&mLtz 0 rofertldt^bicjBit* 
5 /He <fc 9 gj&-e l i$m a * / J: 6 

U * tf*>HK»TSB*# LiMn 147 Ni 0 5 O 4 C0^ 

[0 0 9 0] r^HjfifeWl^^ffl^L iMn L47 N i 
0 . 5 O 4 CDiE^ifeK(DMncD^«fc^ H9(^f i 
5t-4. 08^!), 4£l±k^54kt¥&WZ±l,X^ 

[oo9i] c\<Dmmmi(oiEmm^WL iun 

Srft^LfCo ^<7>S*, E«S»«<0fi**)fc r> 1 2 2 



fern (^±is»tt«*-e5i«Ri) £fTofd§^<o, 

tti^^&SL iS*"C4. 2V*r*C0gcm^S (B) 
t. G> 3. SV^Wftlti (A) tcoit 

B/AO«S:ai^Lfctr6. 0. 9 5£l^5SiVMI*: 

[0092] mmm2) o^k, mmm2tLx s to 

M^LiMn L4 Ni 0 5 Cr 0 1 0 4 ^)X t°^/U«ig<D 

[0 0 9 3] ^#>L i 2 C0 3 i:S«ffe:-r^y^N 
i (OH) ^Cr^Srfi^ttSLiMn^Ni 
0.5C ro^O^L i £Mn£N i £ C r <D\£ht£Z> <fc 

*Q^*x8oo^x2om$i]mMmLtc^ t$b 

(-s Sfla&jJ?— ^ /vie ct 9 ^?&T* 1 ($fffl:^ y -/v 
8oott*2o ttitttajR&s u 7; tr^/MiBS-eiMt^ 

L iMni.4Nio.5C ro^O.^MiW^f/c, 
[0 0 9 4] rojaS«2 0*BBB*LiMn lB4 Ni 
o. s c r 0. xO^jEmmWoScOM n O^SffiSte, H 9 

[0 0 9 5] i^I«2(OjEiffi»lLiMn 

1- 4 n i 0 . 5 cr 0- 1 o 4 (co^t, jg 1 (D^mommxm 
mLtzmv(D^x\ 4. 2v*-eo««»*s r ai^L 
itbz^ ®9<D£?\ziEmmyos<Dm&hfz*) 1 1 9 

3S«tt»^P>^JBL i£»T?4. 2V^TOft 
(B) ^ 3fem^li^fe3. 5V*T^MM 
(A) <hC0itB/A(Z)<i^ffl^Lfctr5 x 0. 9 3£ 

[0 0 9 6] (3M«3) HH«3fcLT, tD 

«LiMn L4 Ni 0 5 Fe 0 ^.©Xt'^i^ 

[0 0 9 7] i^&L i 2 C0 3 ii!mft7y#yiN 
i (OH) 2 tFe 2 0 3 t»±5fct5LiMn li4 Ni 
o.s F e 0 . i0 4 OL i cbMn tN i £F e<Oitt4SJ; 

Ni (OH) 2 <tFe 2 0 3 ^^^-/V^/HcJ;^^m 
1 mm** * J -MZ £ £ ^^Jl^ roi&&*Sr 

sgft^-ci 1 0 o^-ei o^ra^D^SLfco mmm 

C 0 3 ^?igA Llf *Jt'C?#— ^ /ufc «t 9 fgrjat* l 

#fflm*r- soott2o «FBipjis&s l, * tr*A4s 

56-C|a«dS LiMn L4 Ni 0i6 Fe 01 0 4 ©«^IMt:» 
fr»fc. 

[0 0 9 8] ro**«3©«JJ|gj|ij«L iMn L4 Ni 
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b. 5 Fe 0 .i0 4 OjEffiS*K^MnO»a:fl5»rt:. B9 
[0 0 9 9] It r(©3llfc«3 0iEffi»«jKL iMn 

1.4N i 0 . 5 F eo^o^ov^ mKommomm^m 
m Litm v <D%mx\ 4. 2v£t-o&«§S;£$j£l 

1tt^b, H9<oJ:5^jEttffi*K^fi**>fc9 1 2 5 
mAh/giv^5*:#*«*»S^ t*s-e#fc. *fc, 

ft^ft (B) 3. 5V*Wft«8i 

(A) ^<OJtB/A©«S:»JSLfci:r5, 0. 93t 

[0 10 0] (Hlfi«4) o^M, 3ll§#J4 LT, ffl 
JMBjftL i M n L 48 N i Q . 5 B 0 . 02 0 4 (0^ 

[0101] WL i 2 C0 3 t«H— BWb^y^fVtN 
i (OH) 2 tB 2 0 3 ^#J:5 irtSL iMn x 48 N i 
o.5 B o.o 2 04^ L 1 ^MntN i tB<OtttteZ>£5W 

i (OH) 2 fc*JSib*-^$/HcJ:5M-Cl*Hl3: 
^y-/Mc«t6as:a-&bfc. roa^fctffiaw-ei 
loot-ci o^p^o^SLfco ap^fea^fc^j* 
m*mb\stz^<n\^ m^vxte^tzL i 2 co 3 ^B 2 
o 3 1 u was***-^ s /w-csa-c i mm*. 

ffl^^-e8 0 0 < C-C2 0^WPfKi^SU, *tr*/HS3g 
•C»J**L iMn L48 N i 0 . 5 B 0 02 0 4 om^gtffcfe/£ 

[0 10 2] ^<0%mm4<D$fflm&L iMn L48 N i 
o. 5 B 0 . o 2 0 4 ^^*tWM n l9i: 
^-r«fc9lC4. 0 1-efc<9, 4H±£V^5*f**r*fcb 

[0 10 3] 4fc, C(OH^i4cOiEli^ J RL iMn 

«lfcID©*S^ 4. 2V*t?©tt««**:j||SL 
fc<^5, jEffiffi*«<Ofi4fcfc U 1 28mAh/gt 

ttffi^b^JlL ill?-e4. 2V*WMfi (B) 
t. **R«Bd^3. 5 V^T?COjfeSc«^g (A) t<OJt 
B/AOfi£9J£Lfc£::5, 0. 9 1^5««r»a 

[0104] mmms) o?ic x ias«5tb-c, to 

nm&L iMn L38 Ni 0 . s T i 0 .iCu o . o2 O 4 C0^t° 

[0105] i 2 co 3 i:«!ir8ft-7y#yi:N 

i (OH) 2 iTi0 2 tCu0iS:ftt5tt5LiM 
n L38 N io.sT i 0 .iCu 0 . 02 0 4 OL i^MntNi 

U * tf*^*3rfflBric!» LiMn h38 Ni o>5 Ti 0>1 



cu 0 . 02 o 4 wtt-&»{kft *»fco 

[0 10 6] Z<D%mW5<D®mi&f$LL iMn L38 N i 

0 . 5 Ti 01 Cu 0 . 02 O 4 C0aEH^^lS^M n <0»aflS» 
ft, D9lc*rf £5^4. 0 3tfcD, 4£*±£^?& 

[0 10 7] Sfc. CO^»J5COIES?S^KL iMn 

1. 38 N i 0 . 5 Tio.iCu 0 . 02 0 4 iCOl^ fg 1 <Dmm 
©«ffl^RWLfc«0O#fin?, 4. 2VtWftl^ 

*Sr«l£Lfci::5* B9<DJ;5tt::Effi*&4MC<0S*& 
fc«9 1 2 7mAh/g fcV* 5*#*ffi&»* - 

V£T?<D»«£tt (B) Jl»f)3. 5VI-C 
OfeB^S (A) ^OitB/A^ffi^SJ^Lfc^r^. 
0. 9 3ir^5^V^Sr#S^^^-c#fc 0 
[0 10 8] (H»«6) O^C, *S6«6iLT, #J 
ffl»$L i Mn la 5 N i 0 . 5 0 4 <DX fcr*/MJBt<Z>jEffiS 

[0109] i 2 co 3 i:«»r:»{k^y^i:N 

i (OH) 2 ^#J;^«LiMn 1 . 5 Ni 0 . 5 0 4 O 
L i £Mn£N i<DlttftZ>± pffttfco Ofl:, 

tlfci«lSftvy^yiNi (oh) 2 i*a<?# 

-a- * /vtc ct «9 ^ar* i mm*- * j -mc t z>m&n& 
bfco roia^teSrS^^i i o otrr-i obsrmjd$ 

fil/Ofcl^L i 2 C0 3 £rilAU |?as£'fr#-/i'SA' 

©»&*S:»i!f#ffla i t i -c8 o one-? 2 ommm^m 

U * tf^^WaS^aAdS L iMn L 5 N i 0 5 0 4 ?)1g 

[0 110] r«)XlkM6 0«I»lfiAL iMn 1-5 N i 

0. B 0 4 ©jESffi*KOMn (DJKSiifcH:. H 9 ic^cf- J: 
5M4. 0 0 4&±tV^5&fl=£»fcL-C^ 
5„ 

[OllllSt r^li«6 0E«S»KL iMn 

1. 5 N i o. 5 0 4 MO^T, fR 1 O^lK^Jgffi-CttM Ltc 

6, jE«fSft«0>Mr*>fc D 1 2 OmAh/g fcv^5*6 
•Cfcofc. *fc> fe&JSL iJWT! 

4. 2V*-C(D«cm^* (B) fc % **R«d^6 3. 5 
VlZ-?<Dl&n®i. (A) ^CDJtB/A^^ay^L/c^: 

o. 8 9 fc^5te-e*ofc, 

[0112] (HUM 7 ) otic, ^»|J 7 * LTI*> 
^TO^L i lm 04 Mn L 46 N i o. 5 0 4 ^^ V&vW&to 

[0 113] ^^L i 2 C0 3 t««-BMk^^^i:N 
i (OH) 2 i:r#i5W5Li h04 Mn L46 Ni 0i5 
0 4 (DL i tMn^N i OJtt<C5 <fc 5ff*Ufco 

tc, ffibfctliirSfcvy^ytNi (oh) 2 ^?r 

XMirVtCo ^©ffl^»S:ffi*tt?l 1 OOttl 01$ 
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fc, ffIim^Li 2 C0 3 ^AU 
A'S^Tttt 1 «?M=^ / -^fc ±5«aa^fro 

^tf*A«a-«W*L i^Mn, 46 Ni 

[0 114] ^^M7 0«fflUUftL i L04 Mn li46 
N i a 5 0 4 <0iEffi»feSOMn <0»5£flS»tt % 0 9 

[0 115] r(0«S«7<OjE«ftWrL i 1>04 

Mn i.4 6 N io. 5 o 4 {-o^T > jg i <omm(ommvmm 

<^5> lEffigfeKcofiS&fc*) 1 1 3mAh/g^> 

*-c?4. 2vt^MM (b) t, ftmvtmfrb 

3. 5V$T?<OftS^t (A) t<Di£B/A<Dm%m& 
Lfc^r^, 0. 9 0 £V*5ffi-C*>ofc. 
[0 116] ObttM 1 ) of|;, Jt««liLT, «U 

»a^L iMn x . 6 N i o.+o^xv^/vmmviEmm 

[0 117] WLi 8 C0 3 i||Ciftvy#Vi:N 
i (OH) z b*'&£ob-rZ>L iMn L6 Ni 0 4 0 4 <D 
L i ^MnirN i OJt^*5J:5ff*Lfc 0 o^ic, iff 

*ufc«»-BWb^^vtNi (oh) 2 ttat^ 
Lfco ro^fe^^cfi-ci 1 0 0^-0 1 omrsmm 

^MLfCo *«lftfflT»^«*fca»Lfc|,Ote, iff 
*LT*J^fcL i 2 C0 3 ^AU 5* 
"CMTll»IBai^y^fcJ:S«St»*«?ofc. r 

<0*s3*£**#His;+-c8 0 0^2 ovsmzmtm 

U ^fc^^T^^^L iMn 16 Ni 0 4 0 4 O^ 
[0 118] rcoit^lc^^a^L iMn 1<6 N i 

5 k 3 . 8 6 -c* «9 , ±3&n*mm«>jm0mmmEm 

[0 119] r®lt««10jE«S«UrL iMn 

i.eN i 0 . 4 0 4 (CO^T, KlOXKOStTRntft 
ii9<7)#2£T\ 4. 2V*t»Ojk«»*S:ai|^ufefc^ 
6, i 9 O J: 5 MMiSOlffcfc 9 9 7 m A h/ 

Li**? 4. 2V^-CO^m^4 (B) 
a>fc3. 5V*?G>ifc«S* (A) £cotf:B/A<7)ffi£ 
0. 7 9tv^5fflL^»e>tt«d*o 

[0120] (H«N2) offc, Jt«M2 2: LT, « 
»»^L iMn L4 Ni 02 C r 0- 4 0 4 <£>* tf*/MB3g<0 

[0 12 1] i 2 C0 3 ^m^-®?>ft:^^y^N 



i (OH) 2 ^Cr 2 0 3 ^#J:5^t5LiMn L4 Ni 
o.2 C r 0 . 4 0 4 OL i^Mn^Ni^C r <£>Jt £ J: 

5WflLfc 0 off:, ^tt^Sra^jK-zu^/WcJ:?)^ 

*ffl«*t?8 0 0t^2 0»IBln««WLfc||, 

^> SSiS't^-/^ Mc X 9 mux* 1 f$m** J -A> 

8 0 ot-c 2 0 ntmmm u * ^/umm^mmfi 

L i Mn 1 4 N i 0 2 C r 0 . 4 0 4 <D«^BMttt*#fc 0 
[0 12 2] Z<D]£mM2<D®Mm&L iMn M N i 
0.2C ro. 4 0 4 ^iEg»f ^Mn«^iS(^ g 9 

[0 12 3] i©jt»«2©iEiS*iLiMn 
1.4N i 0 . 2 Cr a4 0 4 K:oVvT\ * 1 ^HJtOJgffi-CR 
WLfca9©*S^ 4. 2V4-C(0ife««»SrjBJSL 
1tkZZ s mv<D£o\CTEm£®W<OMMh1t*) 9 3m 

?>&*L ig2*TM. 2V^TOMSi (B) ft 
«tt«^e>3. 5VtWMM (A) t<DVcB/A 
(V&ZmfeLtzt^Z. 0. 6 9£^5«La4£b;h,4 

[0 124] 

[»«*>»*] ±afil/t*fcj;5fc, *»HfcJ:tU* 

[H 1 ] **Mco» 1 ©jaitO»«©]E«S*ftfcov> 

[02] *|g^^S 1 ©*ISco»IB©jE«SWtJco^ 
[0 3] Jttt«2©jE^*»cov^r«ftLfcjk«t 
[04] **«©»3 0*lfco«|B<Dy^9Arft«» 

[as] *ftw<Dn4<Dmm<DMm<D-&mm*i?~- 

[IH6] *»Wo*4 0JBKo»«o-8:«j| lJ es; aL ^ 

[07] *%W<DM5(DmM<DMm<D/^7})ym<D 

[B8] *»w©j|j5©jaso»*orft*»*s? a - 

[09] **M©^«OjESSftK©|arii4MnO» 
[»^OR§|] 
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[H7] 



l®8] 



715 N 



709 

1 




704 

/ 


705 














mm 





706-^ 



712- 




716 



714 



[89] 









(mAh/g) 


8/A=42W3.5V 


*ftfli 


L'Mm.47Nio5 O4 


4.0S 


122 


95 


£OT!I2 


LiMnuNiojOcLtCU 


4.07 


119 


93 


3£»^3 


LJUn 1.4 N105 Feat 0« 


4.07 


125 


93 






4.0 f 


128 


91 




LiMm^ N! os TiaiCu 0J32O4 


4.03 


127 


93 


5U6W6 


LiMnuNioiF04 


4.00 


120 


89 




Uuo4MniA«Nioj04 


4.08 


113 


90 




UMn ljfl Nia4 04 


3.86 


97 


79 




LiMnMNio^Cra4 04 


336 


93 


69 



K*mB&ffj**d*Br-faTBi#m- « 

8E»*0S:flT**^Hr-fcTBl»l# t* 

2f**0S:ffT**.^Br-t;TSl#l-i- tts 
5££tfc 0 SOM^Bf 0 ftflFflSfrt 



F * — A 3D035 AA03 AA06 

5H029 AJ02 AK03 AL07 AL08 AM03 
AM04 AMOS AM07 BJ02 BJ14 
DJ16 DJ17 HJ02 HJ13 HJ18 
HJ19 

5H050 AA02 BA17 CA09 CB08 CB09 
CB12 DA10 FA17 FA19 HA02 
HA13 HA18 HA19 
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